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Marine economy and flexibility with auxiliary drives 
 
 
Abstract— Electric propulsion in ships brings about a potential 
for improved efficiency, with associated fuel savings. This 
suitability is dependent on vessel type and operational conditions, 
requiring careful consideration if any benefits are to be gained. 
Hybridisation by combining mechanical and electrical concepts 
helps to exploit the advantages of both types of propulsion such 
that overall propulsive efficiency is improved. Auxiliary electric 
drives take advantage of the flexibility of electric systems to 
provide propulsive power at low vessel speeds via alternate prime 
power sources, when main engine operation is otherwise 
suboptimal. This work analyses the possibility of efficiency 
improvement by the provision of an auxiliary bidirectional drive 
to two case ships and their corresponding operational profile. A 
model was built to assess fuel consumption, such that different 
propulsion options can be compared by simulation, with results 
presented for a RoRo ship and tug vessel. 
Keywords-marine propulsion systems; hybrid propulsion; 
emission reduction 
I.  INTRODUCTION 
The transport of people and goods by sea is recognised as 
one of the most efficient transportation methods with respect to 
fuel usage and emissions [1]. Yet if current trends were to be 
followed, emissions from ships are predicted to rise sharply in 
the next forty years due to continuous growth in shipping [1, 
2]. Environmental legislation and rules are in place which 
address these shipborne emissions such that environmental 
considerations are imposed on the industry. 
Within a European context, EU Directive 2005/33/EC 
limits the Sulphur content in fuels used by a vessel while 
berthed in an EU port to 0.1%, while additionally imposing that 
a vessel in regular service between EU member states is limited 
to a Sulphur-in-fuel limit of 1.5% [3, 4]. On a global scale, the 
International Maritime Organization’s (IMO) Annex VI of the 
MARPOL Convention, obliges marine fuels to be used with a 
progressively lower Sulphur content, down to 0.5% in 2020 
from the current 3.5%. Furthermore, IMO has established 
Emission Control Areas (ECAs) where the Sulphur content is 
currently limited to 1% and will be reduced to 0.1% in 2015[4]. 
As a result, a vessel may need to carry a number of different 
fuels in order to meet emission limits in different zones of 
operation without incurring excessive fuel costs. 
The in-harbour area of operations is subject to special 
attention due to its proximity to human habitation as well as 
intensive vessel traffic and operations. While manoeuvring in-
harbour, vessels sail at reduced speed, such that main engines 
are lightly loaded and operating at suboptimal conditions, with 
associated higher emissions and fuel consumption. 
Hybridisation of the propulsion system by the addition of 
an electric auxiliary drive can improve the flexibility of the 
ship’s operation as well as potentially improving environmental 
performance when under electric propulsion. This paper 
investigates the use of auxiliary drives for low speed 
propulsion considering actual scenario data for two vessels. In 
this case, auxiliary drives are considered as the hybrid power 
source consisting of a bidirectional electric drive and the 
onboard electric network as illustrated schematically in Fig. 1. 
The auxiliary drive installations are considered as a retrofit 
application on existing vessels, which however limits the 
permissible changes. This work is part of an EU-funded project 
which seeks to consider Technologies and Scenarios for Low 
Emission Shipping (TEFLES). 
II. CASE STUDIES 
As part of the TEFLES project looking at the port approach 
scenario, this work has considered the two case vessels used in 
the rest of the project whose operating profile and information 
was made available by the vessel owners. These vessels are a 
Roll-On/Roll-Off (RoRo) ferry and a harbour tug whose main 
particulars are given in Table I and Table II respectively. 
Additionally, the sailing profiles during the periods of 
operation of interest were used for the case study. For the RoRo 
ship, this is given in Fig. 2 where the slow speed manoeuvring 
period is highlighted. This six minute period was considered 
for operation under auxiliary propulsion. The tug’s operating 
profile is illustrated in Fig. 3, where two periods of interest are 
highlighted, namely the standby and transit periods. These two 
low power periods (compared to main engine size) were both 
considered as separate simulations with auxiliary propulsion, 
and refer to two operational modes where the tug is idly 
waiting for a vessel (standby) or free-sailing between stations 
(transit), in contrast to the assisting period when peak power is 
demanded of the engines. This mode of operation will not be 
considered for auxiliary propulsion. In fully hybrid tugs, the 
peak power demand during assist can be met by downsizing 
main engines and supplementing the peak via the auxiliary 
drive [5]. Only retrofit applications were considered in this 
project, hence replacement of the main engines is not feasible. 
The research leading to these results has received funding from the 
European Union Seventh Framework Programme FP7/2007-2013 under grant 
agreement nº 266126.  
 
Figure 1 Auxiliary drive layout. 
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The RoRo’s propulsion system uses a Controllable Pitch 
Propeller (CPP), where speed is controlled by pitch adjustment 
at a nominal shaft speed of 150rpm. By using the auxiliary 
drive, the shaft speed can now be easily adjusted, hence 
permitting a further degree of freedom in speed control, 
exploiting a benefit of the electric drive. By means of 
Computational Fluid Dynamics (CFD), the propeller power at a 
different shaft rpm was determined, showing a dramatic 
decrease in demand power by decreasing shaft speed. This so-
called combinator mode hence exploits the benefits of both the 
variable pitch propeller as well as the variable speed auxiliary 
drive. The drive is sized to provide propulsive power up to 6 
knots, and rated at just below 1MW (depending on standard 
machine availability).  
In the tug case, the Fixed Pitch Propeller (FPP) system 
requires a variable speed installation since no pitch adjustment 
is possible. The power requirement is much smaller compared 
to the RoRo case especially for the standby periods. The 
propulsion system includes an azimuthing thruster with integral 
step down gearbox; hence the only accessible shafting is the 
high speed engines’ shafts.  
A. Auxilary drives 
In this work, an auxiliary drive is understood to be a 
bidirectional electric drive mounted in parallel with the usual 
source of propulsive power, schematically shown as Fig. 1. The 
source of power in this case is from the onboard electric grid 
which therefore permits flexibility in power source since a 
different fuel or renewable sources can be used. 
The main engine’s and electric machine’s shafts must be 
able to power a common propeller shaft; hence a mechanical 
linkage must be established. This leads to a number of different 
topologies of drive configurations which determine the electric 
machine’s speed rating. It can be noted that the power rating of 
the drive is a function of the desired ship speed under auxiliary 
propulsion, while the speed rating is dependent on the drive 
topology. The various topologies are depicted schematically as 
the subfigures in Fig. 4 which illustrate two different 
machinery setups.  
Topology A shows a medium or high speed engine with a 
(necessary) Main Reduction Gearbox (MRG). The MRG is 
required since a marine propeller is slow turning (typically less 
than 200rpm for commercial vessels). The auxiliary electric 
machine in this case has been mounted on the high speed side 
of the MRG. In topology B, a slow speed engine is directly 
coupled to the propeller. In this case, the low-speed electric 
machine is directly mounted on the propeller shaft, avoiding 
any gearing.  
Avoiding the use of a gearbox increases the overall 
efficiency of the system, since each stage of gearing implies an 
approximate 2% efficiency loss with standard helical gearing 
[6]. However, for the same power requirement, low-speed 
machines are larger, heavier and more expensive than a 
similarly rated high-speed machine. Low-speed machines 
imply a higher torque rating, corresponding to higher currents 
and hence thicker conductors. A direct drive such as topology 
B will have the least transmission losses. However in this case 
the machine (being directly mounted on the propeller shaft) 
cannot be (easily) mechanically isolated. 
Topology A gives greater flexibility in this respect since the 
various machinery options can be clutched in or out as 
required, with lower torque clutch mechanisms involved. For 
the RoRo ship, both drive topologies will be considered, while 
for the tug, only a direct installation on the high speed shaft is 
possible due to the azimuthing thruster. 
Within the confined onboard machinery spaces, power 
density is a significant concern. As outlined previously, the 
choice of installation topology (Fig. 4) affects the machine’s 
speed rating, and hence the torque requirement (and 
consequently size) of the machine. For lower speed 
applications, Permanent Magnet (PM) machines offer higher 
torque densities compared to wound machines [7]. This work 
 
Figure 2 RoRo ship manouevering profile. 
 
 
Figure 3 Tug in-harbour operating profile. 
 
TABLE I RoRo vessel particulars 
Vessel length 138.5m 
Gross Tonnage 18,979T 
Main Engine rating 14,480kW at 500rpm 
Service speed 20.2kt (10.4m/s) 
Propulsion system Controllable Pitch Propeller (CPP) 
at nominal speed 150rpm 
 
TABLE II Tug vessel particulars 
Vessel length 25.36m 
Bollard pull 53T 
Main Engine 2×1,469kW at 1,600rpm 
Propulsion system Fixed Pitch Propeller (FPP) 
 
will therefore consider commercially available PM machines, 
especially as these are now available designed for marine 
thruster applications. 
The auxiliary drive should also function as a generator, by 
feeding electric power to the onboard grid from the main 
engine. This requires a power electronic drive with a 
bidirectional capability, implying the necessity of an Active 
Front End (AFE). This also permits better shaping of the input 
current waveform, such that the power factor can be controlled. 
This would entail a greater cost when compared to a simple 
unidirectional variable speed drive. 
III. SIMULATION 
In order to be able to quantify the emissions produced and 
fuel consumed over a scenario, a simulation model was set up 
in Simulink (shown as Fig. 5). The input to the model is the 
vessel’s operating profile (Fig. 2 or Fig. 3), which is converted 
to a shaft power demand by a look up table obtained from sea 
trials, and allocated to the auxiliary drive or the main engine. 
Simple control logic is used which switches to auxiliary 
propulsion when the power demand drops below the auxiliary 
drive’s rating. 
 By accounting for the efficiency drops across all the 
components, the power demanded from each of the prime 
movers is determined accordingly. The electric machine was 
modelled by the d-q equations, from which an efficiency plot at 
the various operating points of interest was generated, 
permitting fast simulation to account for the energy losses. 
Similarly, an efficiency plot was used for the drive, obtained 
from a manufacturer catalogue. 
The resultant power demand from the engines also includes 
the auxiliary electric load which was obtained by 
measurements during the manoeuvring periods. Integrating 
with respect to time gives the energy produced by the engines 
in kWh, including the various losses. In order to obtain 
emissions and fuel consumption, emission factors were used 
which are available for various type of engine, fuel and 
operating condition [8].  
The auxiliary drive components were selected from 
commercially available ranges of marine-approved 
components. This includes the power electronic drive with 
AFE as well as PM machines. Water cooling was selected since 
this permits higher loadings and is relatively straightforward to 
integrate since a cooling water circuit is already present 
onboard. The machinery choice is summarised in Table III for 
the RoRo case and Table IV for the tug setup. Two topologies 
are considered for the RoRo, while two different drive sizes are 
considered for the tug for two different periods of operation. 
IV. RESULTS AND CONCLUSIONS 
Based on the operational profiles of the two vessels, 
simulations were run for the various drive options, together 
with baseline main engine (only) simulations for comparison 
purposes. These simulations lead to the figures of Table V and 
Table VI, comparing the manoeuvring periods highlighted in 
Fig. 2 and Fig. 3. 
For the RoRo, the use of the auxiliary drive shows 
considerable savings across the board in terms of emissions and 
fuel consumption of slightly less than 50% over the 
manoeuvring period considered. A significant contribution 
comes from the use of Marine Gas Oil (MGO) in the auxiliary 
generators compared to the Heavy Fuel Oil (HFO) used by the 
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B) Low speed engine direct auxiliary drive 
 
Figure 4 Auxiliary drive topologies. 
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Figure 5 Simulation overall diagram. 
 
main engine. Thus the auxiliary drive gives an easy way to 
exploit the benefits of the different fuel types, fitting with the 
definition of a hybrid. The big decrease in SOx emissions is 
due to the much reduced Sulphur content in the MGO, however 
due to the higher price of the distillate fuel (MGO), the cost 
savings are not commensurate with the fuel savings. 
As expected, Machine 1 installed as a direct drive (topology 
B) shows marginally higher savings due to higher overall 
efficiency due to the omission of any gearing.  However, the 
cost of this machine is around twice that of Machine 2.  
On the other hand as tabulated in Table VI, in the tug case 
no savings were realised by using auxiliary propulsion for 
either the standby or transit cases. This was a somewhat 
surprising result since it was expected that due to the greater 
variability in power, a better overall main engine operating 
point could be obtained by offloading at the lower power 
periods. However, the overall performance has actually 
deteriorated, with increases in consumption and emissions. 
This can be explained to be due to the fact that the use of an 
auxiliary drive introduces additional losses to the propulsion 
chain in the form of alternator, power electronic drive and 
electric machine as opposed to powering directly off the main 
engine. The tug’s main engines are also much closer in size to 
the generator engines and hence the degree of operating point 
improvement is not as drastic as in the RoRo case. 
Furthermore, the tug’s main engines already run on MGO, 
therefore there is no advantage in using a hybridised system in 
order to exploit different fuels.  In a true hybrid tug however, 
the engines can be downsized, with the peaks met by the 
combined engine and auxiliary drive [5]; this however is 
beyond the consideration of this paper.  
Auxiliary electric drives have the potential to improve 
operation at low vessel speeds when main engine operation is 
suboptimal, thus decreasing emissions when manoeuvring in-
harbour as demonstrated for the setup on the RoRo ferry. This 
is not a general result however, and the performance must be 
carefully considered in order to confirm actual savings (if any) 
especially in the case of smaller machinery installations 
running on clean distillate fuels, such as the tug boat 
considered in this paper. 
In general, the use of auxiliary drives as a hybridisation 
option permits more flexible operation of a vessel especially in 
environmentally restricted areas due to the possibility of using 
cleaner sources other than the main engine. Where significant 
disparities between engine rating and power demand exist, 
economy can be improved. 
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TABLE III Auxiliary drive specifications for RoRo ferry 
 Machine 1 Machine 2 
Installation topology B A 
Rated power (kW) 893 875 
Rated speed (rpm) 173 400 
Rated torque (Nm) 49296 20900 
Mass (kg) 12470 4680 
Efficiency at rated (%) 96.4 96.5 
Cost (€) 271,226 155,760 
 
TABLE IV Auxiliary drive specifications for tug boat 
 Machine A Machine B 
Tug operation (under auxiliary propulsion) Idling Transit 
Rated power (kW) 160 628 
Rated speed (rpm) 600 800 
Rated torque (Nm) 2546 7500 
Mass (kg) 1125 3040 
Efficiency at rated (%) 95.5 97.2 
Cost (€) 24,000 94,200 
 
TABLE V Simulated results for RoRo case. 
 Current estimate Machine 1 Machine 2 
Fuel consumption (kg) 28.15 15.12 -46.3% 15.15 -46.2% 
Fuel cost (€) 14.41 10.90 -24.4% 10.92 -24.2% 
CO2 emission (kg) 89.63 48.07 -46.4% 48.18 -46.3% 
NOx emission (g) 1.35 0.76 -43.6% 0.76 -43.5% 
SOx emission (kg) 1.53 0.08 -95.0% 0.08 -95.0% 
 
TABLE VI Simulated results for tug case 
 Standby operation Transit operation 
 Current 
estimate 
Machine A Current 
estimate 
Machine B 
Fuel:       
Consumption 
(kg) 
36.66 37.34 1.85% 175.24 177.04 1.03% 
Cost (€) 26.43 26.92 1.85% 126.35 127.65 1.03% 
Emissions:       
CO2 (kg) 116.70 118.76 1.77% 558.00 563.00 0.90% 
NOx (kg) 1.58 1.88 18.88% 7.54 8.89 17.90% 
SOx (kg) 0.18 0.19 4.71% 0.86 0.90 3.82% 
 
